CHAPTER 10 (Odd) 


11. 


13: 


15. 


17. 


9 
g= 2% Ox 104 40) _9 < 10 NC 
y? Q my? 


d 2 

y= 2.10 ay 
C 4 yF 

g = Y - 2VY 8: 10 vm 
d 5 mm 


3.2 
c=38.85x 10204 -=3885x 10702.5) 0 <10"m5 _ 937.5 pF 
d 177 am 


b.  Q=e824 = €€,€4 = (7)(8.85 x107 121105 V/m)(0.08 m”?) = 4.96 ¡C 


e. Cc= 2-42 - 0.0248 pF 


V “200 V 
8.85 x 10% -12 2 
qa ER APA 685 x 10 H(90.02 m% _ 0,1475 mm = 147.5 um 
C 0.006 4F 
-3 : ; 
d =0.1475 sn | 10 41] [39.57 ix | | 1000 mils | _ S 207 mils 
1 mm l yr 1 


5.807 mit$ ES = 29,035 V 


a.  —T=RC=(10 DS nF) = 0.5 s 
b  ve¿= Ed -— e" = 20(1 — e70-5) 


c. 17 = 0.632(20 V) = 12.64 V, 37 = 0.95(20 V) = 19 V 
57 = 0.993(20 V) = 19.87 V 


Na 20V er =0.2 x 1032 t/0.5 


d. no 
CC TOO KO 
tr _ 2007 */0.5 


UR = Ee 


(Odd) 
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19. 


LL: 


100 


E 2 5.5 k0 
_ 3.3 kQ(100 V) 
R2 3.3 kN + 2.2 k2 
60e -4/5.5x 1073 


7 =RC= (2.2kM + 3.3 kQ)1 pF = (5.5 kQ01 pF) = 5.5 ms 
UC ES E( NN er) e 10011 _ e 155x107, 
1r = 63.21 V, 37 = 95.02 V, 57 = 99,33 V 


E  -—:r e 100 MS = 18.18 x 1073, 5.5x107* 


= 60 V 


UR = UR, 


571=27.5 st 0 51=27.5 E 


7=RC= (Qk2 + 3 k02 pF = (5kD) uF) = 10 ms 


UC = 501 — g t110x107, 


o SOV 7 _ 3, 110x107 
ic= 3310 x 10730 000s 


¿ = 100 ms: UC = S0(1 — e”) = 5S0(1 — e71% = 49.997 V = 50 V 
ic = 0mA 


Tr" =R,C= (Qk0Q PF) = 4 ms 
Up = 50e 7" = 50e -14x107? 
SO V 05" 


AN =25 x 1073 -114x 107 
tc 70 ko e e 
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ms) 


ms) 


23. a. T=R,C= (10 2)(10 pF) = 1 ps 
ve =80(1 — e U1x107, 


80 V e Hr = 0.8 x 103,1 x107% 


E e 
“C = 100 k8 


e.  T'=R'C= (490 kD)(0 pF) = 4.9 ys 
UC = 80017 pS 80 e 4.9x107* 
a 80 V er 


ps = 0.163 x 1073 -1/4.9 x10% 
“CA O KO á 


t (us) 


t (us) 
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23. 


27. 
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a. 7 = RC = Q mhA00O0 yF) = 2 ys 
$7 = 10 us 


C: yes 


7 = RC = (18.2 k0)(6.8 F) = 123.8 ms 


18.2 kQ 
=] lo UC e V, + (v, as Vye”” 
+ + =52V+(12V - 52 Vje "13-3ms 


Eo ve jan 52 Y — 40 Ve 1/123.8 ms 
Í Y vp(0+) = 52 V — 12 V = 40 V 
= = lo e te V e71/123.8 ms 

= 2.198 mae” "123-8ms 

b. 

de 
5 7 =619 ms 
1 E E _ -57 
== SS —C 
CR OR 
a 
q Im 
1 —y l l 
¿ = -2 x 1076 log, > 
= —(2 x 107%)1(-0.693) 
= 1.386 us 
Eq. 10.23 la 
t= —7log, |1 == 
12 V 
10s = —rlog,|1 - 2 
a o, | 20 y | 
.04 
0.9163 
p= 105 1091358 
0.9163 
10.913 s 
=RC>R= L= 225 = 54,567 k92 
d 200 EF 
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3. a  T=RC=(1MD(0.2 F) = 0.28 


UC = 6011 7 ¿7110.25 

E -u7_ 60V -10.2s —6,—t/0.2s 
CR Ma j 

UR, = Ee”*7 = 60e0.2s 


UC: 0.3 s = 55.07 V 


ls = 59.576 V 
ic: 0.5s = 4.93 pA 
1 s = 0.404 yA 
ve : 0.3s = 4.93 V 
1 
1s = 0.404 V 
B R 
, lo 7" = RC = (1 M2 + 4 MQ)0.2 FE) 
1MQ , = (5 MQ)0.2 FE) 
P2S4 MA 60 Vu, a 
“ . 60 V =1 -6._—t 
= = 12 x 10 
lc 5 MO e 
8 x 107 = 12 x 10" %e”* 
0.667 = e* 
log, 0.667 = —+ 
—0.405 = —1 
t = 0.405 s 
VE = 60e*7 
10 = 60e”* 
0.1667 = e”* 
log, 0.1667 = —1 
1.792 = —1 
t=1.79 8 
Longer = 1.792 s — 0.405 s = 1.387 s 
35. a. | Ry, = 2 M2 || 10 M2 = 1.667 MQ 
2MOQ ls 10 M2Q4 Y) _>0y 
10 MQ -15 1 yF 10 MQ + 2 MQ 


24 V UC = En el et 


= 20 V(1 - er) 


Th = 20 VA - e?) 
= 20 V(1 — 0.0183) 
= 19.634 V 


(Odd) 
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7 = Ry C = (1.667 MO) pF) = 1.667 s 


. E —ur 
ln= —C 
ER 
3 NA = 20 V_ ,—1/1.6678 
1.667 MQ 


0.25 = e7+/11.6678 
log, 0.25 = —1/1.667 s 
t= —(1.667 s«—1.386) 
= 2.31 s 


C. Umeter == Uc il 
UC = En (1 - e 7” 


10 V = 20 V(1 — e 71-667) 
05=1- e71/11.667s 


—0.5 = — e 71/11.667s 
log, 0.5 = —1/1.667 s 
t = —(1.667 s)1(—0.693) 
= 1.155 s 
37. a. Source conversion: 


E =IR¡ = (5 mA)(0.56 k0) = 2.8 V 
R' =R,+R, =0.56kQ + 3.9 kN = 4.46 k0 


2.8 V 4V 


Rip = 446k0 || 6.8kQ = 2.6934 kQ 
4V-28V _ 12V 


6.8 k0 + 4.46k0 11.26 kM 
E, = 4 V — (0.1066 mA)(6.8 kQ) 


= 0.1066 mA 


= 4 V — 0.7249 V 
= 3.2751 V 
UC = 3.2751(1 — e”) 
Me 7 = RC = (2.6934 k0)Q0 pF) 
Ph 2.6934 kQ e = 53.87 ms 


sr To 20 yF “e Vas 3.2751(1 — ¿7153.87 ms, 
Em T 3.2751 V ¡oo 3:2151 V ¿07 
C 2.6934 kQ 


= 1.216 x 10737 /53.87ms 
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39. a. Source conversion: 7= RC = (8.3 k0)Q.2 4F) = 18.26 ms 
UE = Y ¡+ (Y, — Vpe” 


8.3 kQ We =272V + (QV- 27.2 e71118.26 ms 
y hi < UC = 27.2 V — 25,2 Ve” "18-26 ms 


27.2V Yo 722 pF2V 
y ] Y == UR(0+) =27.2V — 2 V = 25.2 V 
= = da 25.2 V ¿1118.26 ms 
¡a 
8.3 k0 


ic = 3.036 mAe "18-26 ms 


f 
0 5 1 =91.3 ms 0 5 -=91.3 ms 


4l. ip= e ig = 0.06 x 10 


0O—4ms: i¿= 0.06 x 1078 É z = 0.3 mA 
ms 


4 —6ms: ip =0.06 x 1076 É l = 0.9 mA 
2 ms 
6 — 7ms: i¿=0.06 x 1076 E = 3 mA 
1 ms 
7— 10 ms: ¿¿=0mA 
10 — 13ms: ¡¿=-0.06x 1076 ES = -3.2 mA 
3 ms 
13 — 15 ms: iq = 0.06 x 1076 | = 1.8 mA 
2 ms 
(Ama) 


1234567809 U10911 12 18 
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43. 


45. 


47. 
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AVc At. 
O—4ms: ¿¿=0mA, AV¿=0V 
: 2 ms 
4 —6ms: i¿= -80 mA, AV = A 30 mA) = -8V 
6 — 16ms: i¿ = +40 ma, AV, = 10 05) (40 ma) = +20 V 
20 pF | 
16 — 18 ms: i¿=0mA, AV. =0V 
: 2 ms 
18 — 20 ms: ¡¿ = —120 mA, AV, = S 12 mA) = —-12 V 
20 — 23 ms: i¿=0mA, AV. =0V 
“e 
310 11121314 1518171819202 223242, 
V3 = Qy/C; = 40 C/12 yF = 3.33 V 
(8 pFI(24 FE) _ 
j CA AA O 
d TO BF +24p5F  * 
7= RC = (Q0k0)6 uF) = 120 ms 
Vap = vc, = 100(1 — ¿71 L0m8, 
At rt = 100 ms 
_ 100ms 
Vap = 100|1 - e 120ms| 100(1 — 70-833, 
= 100(.5654) = 56.54 V 
b,c y O, = 0, = CrVay = (6 pFIO6.54 V) = 339.24 yC 
Q>= 8pF CV] = CY 
KE 8 pF V,. = 24 pF V,, = 339.24 C 
047 24 pF _ 339.24 yC 
úl and V,.= 
b 8 
y, = 294 40 - 14,135 v 
24 uF 


= 42.405 V 
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d. Vi =E-— V,, = 100 V — 56.54 V = 43.46 V 


id + 


*% PR240k0 6 yF 100 V 


io = ee, 7 = RC = (60 k0)(6 uF) = 360 ms 


T 
io = nd = 1.667 x 107327 */360ms 
UR, = ¿¡¿R, = (1.667 mA)(40 kQ)e7360ms 
66.670 60ms 
20 = 66.67e "ms > (3 = ¿7:/360ms 


log, 0.3 = —1/360 ms 
—1.204 = —1/360 ms 

t = 1.204(360 ms) 
433.44 ms 


l 


49. W¿= CV = (120 pFI(12 V)? = 8,640 pJ 


5. a  W¿=>cV= (1000 HE)(100 V)? = 5 J 


b.  Q=CV= (1000 4C)(100 V) = 0.1 C 
e.  1= Q/t=0.1C/(1/2000) = 200 A 
d. P=V_], = W/t= 5 J3/(1/2000 s) = 10,000 W 


e. t = Q/T = 0.1 C/10 mA = 10 s 


(Odd) 
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10. 


12. 


14. 


16. 


18. 
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(9 x 10%(0.064 ¡C) 
36 N/C 


- 0 - (E Z 
Jue dd + 


Q = CV = (0.05 uEJ(45 V) = 2.25 4C 


110% ir. lm 
== A = O. 
d | a lla 102 mm 
V 100 mV 
—= a 63 TA — o V 
Eg 7 107 E 980.39 V/m 


Á 


2 
C = 8.85 x 10-125 = 8.85 x o EA 
s mm 


10 A 
C = 8.85 x 10 £x=q= 
“"G 2 UF 


2 
a.  C=38.85x 1071241) 0-08 m5) _ 3.54 pF 
0.2 mm 


200 V 
0.2 mm 


= 10% V/m 


V 
b. é = ES = 
d 


Cc. O = CV = (3.54 (00 V) = 0.708 uC 


$12: 0.2 x 1073 pr | 32:37 H 
lam 1073 in 
15 V 


22 [7.874 mi1$] = 590.55 V 
pul 


413: 7 mit6] = 3,149.60 V 


: 1250 V mil A 
A E = 0.2 
mica 3000 V A oy 0.25 mils 
mil 
a.  —T=RC=(10 DS nF) = 5s b. 


C. lr = 12.64 V, 37 = 19 V, 57 = 19.87 V  d. 


e. Same as 17 with 57 = 25 s and /,, = 20 pA 


8.85 x 1071%(4)1(0.09 m?) 


= 375 pF 


= 1.593 um 


Br | = 7.874 mils 


UC = Ed - e" = 20(1 — e) 


¡o DN 20 107600 


ve = Ese"? = 20€ 05 
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20. 


22. 


24. 


a.  T=RC= (36 k)(0.1 ¿F) = 5.6 ms b.  v¿=E(l- e" =251-—e 
Cc: ln = E ¿il = 25 V —.t5 = (0.446 x 1073, 1/5.6ms 
CR S6 k£ 
d. 
(v) (ma) 
25) ———== O. 


0 5 7 = 28 ms 


y | —=-- 


5 <= 28 ms 


a.  T=RC= (5 kQ)(0 pF) = 100 ms b.  v¿= 50(1 — e7100ms) 
Cc.  ip=10x 10" 3-"100ms 


d. Je = 50(1 — e?) = 50(1 — 0.3679) = 50(0.6321) = 31.6 V 


= 10 x 10737! = 10 x 1073(0.3679) = 3.679 mA 


e. 7! = RC = 2 A pF) = 40 ms 


Cc = 31.6" 
Ae IA e —3,—1140 
ic= Fe” = 15.8 x 10 e 


f. At t = 2.5 7' (from 200 ms) => at 300 ms 


UC = 31.6e7?? = 31.6(0.0821) = 2.59 V 
iq = 15.8 x 10732725 = 1.297 mA 


7 = RC = (2.2 k0)(2000 yF) = 4.45 
UC = V e" = 400794 

Ver _ W0V _-14 E 
pa e 4 = 18.18 x 1073294 
co E 220 . 
UR = YC = 400144 


(Even) 


—1/5.6ms, 
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26. a  T=RC=(47k0D(0 pP) = 47 ms 
UG = Vy+ (Y, — Vpe”” 

10 V + (-3 V — 10 Vje” "4 ms 

Ue =10 V — 13 Ve "Mas 

UR(0+) = 10V + 3 V = 13 V 

his 13V, 

4.7 kQ 


f 


28. 


E 


b.  V.=8(1 — e71% = 8(1 — 0.0000454) = 7.996 V 


—1147 ms _ 2.766 mAe "4 ms 


Vo = 8(1 —e7*7/% = 8(1 — e7%) = 8(1 — 0.00674) = 7.946 V 


e.  V¿=8(1- e 5x10%/20x10%, — g(1 — £7025) — 8(1 — 0.7788) = 1.7696 V 


30. 7 = RC = (33 kN)(20 pF) = 0.66 s 
v¿ = 121 — e": 
8 = 121 — e") 
8 = 12 — 120 "0-6 
AE —12e 10.66 
0.333 = e—"0:66 
log, 0.333 = —1/0.66 
—1.0996 = —+/0.66 
t = 1.0996(0.66) = 0.726 s 


32. a.  T=(R¡ +R,C= (20 k0)6 pF) = 0.125 
ve = El - e”) 
60 V = 80 V(1 — e P-:12 
0.75 = 1 — e7*/0.12s 
0.25 = e7*/0.12s 
t = —(0.12 s)1(—1.386) 


= (0.166 s 
. E -—u7 
b = 
lc Ri 
80 y _0.166s 

de a 0.12s _ —1.383 
iq = 0 Lo =4mAe 

= (4 mA)(0.2508) 

= 1 mA 
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c.  i¡¿=i_=4mAe ""=4mAe 7" =4mAe7? 
= 4 mA(0.1353) 


= 0.541 mA 
P. = El, = (80 V)(0.541 mA) 
= 43.28 mW 
34. a uv =u. =Ec ""=60Ve "=60Ve" 
= 60 V(0.3679) 
= 22.074 V 
E,-ttr _ 60V ,-2117 -2 
b. = Hg” - = 6 pA 
co 10 MA” pres 
= 6 pA(0.1353) 
= 0.812 yA 
c. Ue = E(l - e”) 7 = RC = (10 MQ)(O0.2 F) = 2 s 


S0 V = 60 VA — es) 
0.8333 = 1 — e7Y2s 
log, 0.1667 = —+/2s 
r = —(2s(—1.792) 


= 3,584 s 
36. a. Thevenin?s theorem: 
Rip: Er: 
8 ko id 
24 k0 24 kQ 
Ry, = 8k2 || 24k0 il =m 
E = 6 kQ a 
24 k0(Q0 V) 


—Yxo0+3sk0=15V 


7 = RC = (10 k0)(15 pF) = 0.15 s 
UC = Ed > e) 
= 15(1 — e71/0.15) 


E¿-tr - 15 V ¿00.15 3.5 x 10—32-/0.15 


CER 10 K0 


) (¿ (MA) 
loo cr cds 1.5 


51=0.75s 
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38. a  Rym=39k2+02|1.8k0 = 3.9k0 
Em = 36 V 
7 = RC = (3.9 k0)(20 pF) = 78 ms 


3.9kQ O UC = Vy + (V¡— Vpe”” 
e — —1/78 ms 
v 20 yF 4V = 36 V + (-4V -— 36 Ve 
Je E UC =36 V — 40 Ve "Ems 
= S UR(0+) = 36 V + 4 V = 40 V 
as 40 V e 18 ms 
(SS 
3.9 kQ 
ic = 10.256 mAe"78ms 


pr 0 5 7 = 399 ms 


40. a. 7 = RC = (6.8 k0)(39 EF) = 265.2 ms 
Up = Y, + (V; — Vye”” 


= 20 V + (3 V — 20 V)e "265.2 ms 
UC = 20 V - 17 Ve” 1/265.2 ms 
vR(0+) = 20 V — 3 V = 17 V 
17 V ,-1/265.2 ms 


ip = 2.5 mAe" 265.2 ms 


5 1 = 1.326 s 


42. 
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8=>10 us: ¿q = —0.06 x 1076 A = —30 mA 
2 ps 

10 => 15 ps: ic =0mA 

15 > 16 ys: ip = —0.06 Xx 1075 | | = —60 mA 


l us 


4. a  Cp=0.2p4F | (24F + 7 PF) = 0.1957 yF 
b.  Cr=20pF + 60pF || (10 pF + 30 pF) = 44 pF 


46. a. C, 


9 uF (9 ¿FIO2 uE) =S 
j C3 79 pF a a O 


EF24V  CITS10pF 8 4F +10 yF = 18 yF 
4372 UF (0 ¿EAS uE) 

ENS =6pF 
9 yF + 18 yF 


cr= E = L= 0 = CE = (6 FIA V) = 144 O 


y 2. 140 16 


V)=E-V,=24V-16V=8V 
0, = C,V, = 10 uF(8 V) = 80 4C 
QO3_4= CV = (8 ¿PX8 V) = 64 yC 
03 = 04 = 64 4C 


v= L£ - 42 7.111 v 
Oy 64 4C 

V,= == 4% = 0.889 V 

Y 7pF 


(Even) 


48. 
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(14 AGS HF) _ 10 ,Í 
14 yF +35 yF 

2 yF + 10 yF = 12 pF 
(7 pFXG2 UF) _ 6 yF 
7 uF + 42 uF 


Q = CV = (4uFI(16 V) = 64 O 
0; = Q, = 64 4C 


v,- 62€ _9143 y 
v, = 2. 42€ - 1524 y 
E Up 


== (6 yP)I(12 LF) = 4 yF 
6 yF + 12 yF 


Vy =E — V, — V, = 16 V — 9.143 V — 1.524 V = 5,333 V 


03 = GV = (Q 1P(5.333 V) = 10.667 yC 
QO' = CV = (10 uP)(S.333 V) = 53.33 4C 


O4 == Os > 53.33 pC 
4 _ 53.33 pC 


V,y= 2 = 204 = 3,809 v 
Ch 14 pF 
y. = L5 - 5333 4C _ 1.524 v 
4 kQ(48 V) 
V A IA Y 


Do.08uF = (0.08 F)(32 V) = 2.56 yC 

Vo.04y4F = 48 V 

Do.04.F = (0.04 F)(48 V) = 1.92 yC 
_ 6k0(80 V) _ yg y - 

«0 TEO A4K0 

Os0F = (60 1 F)(48 V) = 2880 uC 

VaouF = 80 V 

Oso, F = (40 F)(80 V) = 3200 yC 


2 
2” > 0 = Y2C0W = /26 ¿EX1200 J) = 0.12 C 


2C 


VeouF 


vo ova .- 3 kNQ4 V) 
SES CE KO 


We," = ¿OY = ¿6 pEX8 V)? = 0.192 m) 


Wo,F = ¿0v = 502 pE)X8 V)? = 0.384 mJ 


=8V 
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(6 yP(12 yF) _ 
b. GE AAA 
a E O 
Qy = CV = (4 uFX8 V) = 32 O 
Oeyf = LiayF = 32 HC 


Ve = £ - > E = 5.333 V 

Vio.F = E = A = 2.667 V 

We,F = ¿Y = 56 pF)(5.333 V)? = 85.32 y 
Wo, = ¿cv = 502 E)Q.667 V)? = 42.68 y] 


(Even) 


